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SLMHARY 
Measurements have been made in the College of 
Aeronautics 21" x 4" intermittent high speed tunnel of the 
pressure distributions on five non lifting bodies of revolution 
of different nose angles at zero incidence. The tests were 
made at Mach numbers of 2.45 and 3.19, 
The results are compared with the pressure distribu-
tions given by two approximate theoretical methods, and good 
agreemeLt is found at the Mach numbers used. 
*These authors submitted part of this work as a part 
requirement for the award of the Diploma of the College of 
Aeronautics. 
-2- 
§1. List of Contents 
2. List of Symbols 
3. Introduction 
4. Description of the theoretical methods 












Example of the application of the modified ogive of 





1. Geometry of the bodies 	 13 
2. Summary of results 	 13 
Figures 
I. General view of the wind tunnel 
2. Working section of the wind tunnel 
3. Block diagram of the tunnel circuit 
4-. Sting, showing pressure connections to the model 
5. Ogives I, II, and III 
6. Pressure distribution on Cone at Di = 2.45 
7. 
It 	 11 	 It 	
" M = 3, 1 9 
8. " Ogive I at= 1.8 
" 	
4, M = 2.45 
" II " M = 1.8 
11. 11 	 " II " M = 2.45 
12. " III " M = 1.8 
13. 
It 	 f t 	
" 	 " M = 2.45 
14. 11 	 " II/ " M = 3.19 
	
1.5. 	 " IV " M = 2.4-5 
	
16. 	 t I 	 " IV " M = 3.19 
	
1 7 . 	 11 	 II 	 44 	 " V 	 " M = 2.45 
	
18, 	 " V 	 " M = 3.19 
/§2. 
- 3 -  
§ 2 „  L i s t  o f  S y m b o l s  
A - S  	
( S u f f i x )  r e f e r r i n g  t o  a x i - s y m m e t r i c  f l o w  
P  P o   
C p  
	
p r e s s u r e  c o e f f i c i e n t  -  
l e  
2  o  o  
M  	
M a c h  n u m b e r  
s u r f a c e  s t a t i c  p r e s s u r e  
P N  	
s u r f a c e  s t a t i c  p r e s s u r e  a t  n o s e  
P p  	
s u r f a c e  s t a t i c  p r e s s u r e  a t  a n  a r b i t r a r y  p o i n t  P  
s u r f a c e  s t a g n a t i o n  p r e s s u r e  
P s t a g ,  
/ A  p  	
p r e s s u r e  d i f f e r e n c e  
u
o  	
f r e e  s t r e a m  v e l o c i t y  
s t r e w  w i s e  c o - o r d i n a t e ,  e x p r e s s e d  a s  a  f r a c t i o n  o f  
b o d y  : L e n g t h  
y  	 c r o s s w i n d  c o - o r d i n a t e ,  e x p r e s s e d  a s  a  f r a c t i o n  o f  b o d y  
l e n g t h  
f i n e n e s s  r a t i o  -  	
l e n g t h  o f  b o d y   
m a x .  d i a m e t e r  o f  b o d y  
0  	 a n g l e  b e t w e e n  b o d y  a x i s  a n d  t a n g e n t  t o  b o d y  p r o f i l e  
0  	
n o s e  s e m i - a n g l e  o f  b o d y  
n o s e  s e m i - a n g l e  o f  e q u i v a l e n t  o g i v e  o f  c u r v a t u r e  
P r a n a t l  M e y e r  a n g l e  
. m  	 r a t i o  o f  s p e c i f i c  h e a t s  
P o  	
f r e e  s t r e a m  d e n Q . i t y  
( S u f f i x )  r e f e r r i n g  t o  t w o  d i m e n s i o n a l  f l o w  
o  	
( S u f f i x )  r e f e r r i n g  t o  f r e e  s t r e a m  c o n d i t i o n s .  
/ E 3 .  
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53. Introduction 
Some rapid approximate methods or variants of methods 
of calculating the pressure distributions on non-lifting ogival 
heads at supersonic speeds have been described in a recent paper 
by Bolton-Shaw and Zienkiewics.1 
These methods allowed a considerable saving in 
computing time as compared with the more accurate method of 
characteristics or Van Dyke's second order theory, whilst in 
particular cases for which a comparison was made they appeared 
to give good agreement with these more accurate methods. These 
approximate methods varied however in their range of applica-
bility and in rapidity and from this point of view two in 
particular seemed more promising than the others. 
The purpose of the present work was to extend the 
comparison by obtaining experimental pressure distributions for 
bodies with a wide range of nose angles and for a wide range of 
Mach numbers and to use these pressure distributions as a further 




Details of the geometry of the five bodies are given 
in Table I. Ogives, III, IV and V belong to a particular 
family of curved head shapes. 
Ogives I, II, and III were originally tested in the 
N.P.L. 9" x 3" high speed wind tunnel at a Mach number of 1.8 as 
described in Ref. 7. The present paper describes further tests 
made at The College of Ae7gnautics on these three °gives, 
together with tests of °gives IV and V, at M = 2.45. Ogives 
III, IV and V were also tested at M = 3.19. 
§4. Description of the approximate theoretical methods  
For convenience a brief summary of the methods 
developed. by Bolton Shaw and Zienkiewicz is given below. 
(i) The 7-clethod for a circular arc ogive  
It has been shown by Zienkiewicz2  that for a circular 
arc ogive in a supersonic stream, the decrease in pressure from 
the nose to any point P on the ogive surface, is proportional 
to the decrease in pressure from the leading edge of a two- 
dimensional aerofoil section, having the same profile as the 
ogive, to a corresponding point P on the aerof oil, provided 
that the Mach number and pressure just downstream of the nose 
and leading edge are the same. 
/Thus • • n 
 — 5 —  
 
T h u s  
(P N  P P ). k _ s   
=  • M i l )  	
pp )
2 - D   
 
 
w h e r e  	
d e p e n d s  o n l y  o n  t h e  f r e e  s t r e a m  M a c h  n u m b e r  M
o   a n d  




I n  e q u a t i o n  ( 1 ) ,  p N  
 i s  t h e  c o n s t a n t  p r e s s u r e  a t  t h e  
n o s e  o f  b o t h  t h e  a x i - s y m m e t r i c  a n d  t w o - d i m e n s i o n a l  p r o f i l e s .  
I t  s h o u l d  b e  n o t e d  t h a t  i n  t h i s  m e t h o d
,  t h e  s u r f a c e  
s t a g n a t i o n  p r e s s u r e  i s  c o n s t a n t ,  a n d  i s  t h e  s a m e  o n  b o t h  b o d y  
a n d  a e r o f o i l ,  b u t  t h e  f r e e  s t r e a m  M a c h  n u m b e r  a h e a d  o f  t h e  a e r o -
f o i l  w i l l  n o t  e q u a l  M o .  
( i i )  
T h e  ? S
,  
 s t e p - b y - s t e p  m e t h o d  f o r  a n  a r b i t r a r y  h e a d  s h a p e   
F o r  t h i s  m e t h o d  i t  i s  a s s u m e d  t h a t  t h e  e x p a n s i o n  o f  
t h e  f l o w  b e t w e e n  a n y  p o i n t  P  o n  t h e  s u r f a c e  a n d  a n  a d j a c e n t  
p o i n t  Q ,  i s  t h e  s a m e  a s  w o u l d  h a v e  b e e n  o b t a i n e d  b y  t h e  e x p a n s i o n  
o f  t h e  f l o w  a r o u n d  t h e  e q u i v a l e n t  c i r c u l a r  a r c  o g i v e  p a s s i n g  
t h r o u g h  P  a n d  Q .  I t  f o l l o w s  f r o m  e q u a t i o n  ( 1 )  t h a t  
( p a  -  P p )  	
=  ? \ ( 10 Q  -  P p )  
	 ( 2 )  
A - S  
	
2 - D  
T h e  v a l u e  o f  \  d e p e n d s  o n  t h e  n o s e  a n g l e ,  X  ,  o f  t h e  e q u i v a l e n t  
o g i v e  o f  c u r v a t u r e ,  a n d  a n  e q u i v a l e n t  f r e e  s t r e a m  M a c h  n u m b e r ,  
M E
.  T h e  v a l u e  o f  M . .  h a s  f i r s t  t o  b e  f o u n d  b y  t r i a l  a n d  e r r o r  
s u c h  t h a t  t h e  p r e s s u r e  a t  P  a g r e e s  w i t h  t h a t  o b t a i n e d  i n  t h e  
p r e v i o u s  s t e p .  A f t e r  t h e  v a l u e  o f  M E  
 i s  f o u n d ,  t h e  v a l u e  o f  
c a n  b e  o b t a i n e d  f r o m  t h e  c h a r t s  i n  R e f .  1 .  T h e  p r e s s u r e  a t  
t h e  a d j a c e n t  p o i n t  Q  t h e n  f o l l o w s  f r o m  a n  a p p l i c a t i o n  o f  
e q u a t i o n  ( 2 ) .  
( i i i )  
T h e  o g i v e  o f  c u r v a t u r e  m e t h o d  
 
I t  w a s  f o u n d  f r o m  a p p l i c a t i o n s  o f  t h e  
N  
s t e p - b y - s t e p  
m e t h o d  t h a t  t h e  r a t i o  o f  t h e  s t a t i c  t o  s t a g n a t i o n  p r e s s u r e  a t  a  
p o i n t  P  o n  a n  a r b i t r a r y  h e a d  s h a p e  a t  a  f r e e  s t r e a m  M a c h  
n u m b e r  M
o  
w a s  p r a c t i c a l l y  t h e  s a m e  a s  a t  P  o n  t h e  e q u i v a l e n t  
o g i v e  o f  c u r v a t u r e  a t  P  a t  t h e  s a m e  v a l u e  o f  M
o  
 ( i . e .  i n  ( i i )  
a b o v e ,  M i  =  M
0
) .  S i n c e  t h e  p r e s s u r e s  o n  t h e  o g i v e  o f  c u r v a t u r e  
c a n  b e  c a l c u l a t e d  f r o m  e q u a t i o n  ( 1 ) ,  t h e  p r e s s u r e  o n  a n y  a r b i t r a r y  
h e a d  s h a p e  c a n  b e  q u i c k l y  o b t a i n e d .  T h e  o n l y  i n f o r m a t i o n  
r e q u i r e d  i s  t h e  d i s t r i b u t i o n  o f  t h e  s u r f a c e  i n c l i n a t i o n  t o  t h e  
a x i s ,  
e  ,  a n d  t h e  n o s e  a n g l e  
X ,  
o f  t h e  e q u i v a l e n t  l o c a l  o g i v e  
/ o f  c u r v a t u r e .  
*  V a l u e s  o f  ? \  a r e  g i v e r :  i n  g r a p h i c a l  f o r m  i n  R e f .  1 ,  b u t  a n  
e x t e n d e d  a n d  m o d i f i e d  s e t  o f  v a l u e s  f o r  \  h a s  b e e n  e v a l u a t e d  
b y  Z i e n k i e w i c z .
8  
In this modified method the values of X are calculated 
from the e x distribution at a selected number of values of x. 
At each station a value of A OAo2,X) is selected for the given 
free stremallAach nuMber CI and from equation (1), the values 
of pp  and C = pp-p0/4p o o u can be obtained once pN  is 
determined. 
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of curvature. The stagnation pressure on the local ogive of 
curvature was taken as equal to that at the nose of the actual 
body but for the bodies examined the change in stagnation 
pressure across the nose shock was very small, and the method 
could equally well have been developed_ on the assumption that 
the stagnation pressures ahead of the nose shock for the body and 
the equivalent ogive of curvature were the same, 
(iv) The log p- e method 
 
It was found that for convex ogival head shapes, 
log p---N was proportional to (es -0), provided that 2Mo  tan 	\ 0.4-, 
where es is the nose semi-angle of the body and 7 is the nose 
semi-angle of the equivalent ogive of curvature. This method 
gives good results for bodies of small nose angle, and the results 
of this method are here compared with the experimental pressure 
distributions obtained for Ogives I, II and III. (See Figs,8-13). 
(v) The modified ogive c4  curvature method 
It was found that for head shapes having large nose 
angles, both methods (iii) and (iv) gave consistently low values 
of pressure on the downstream end of the head. It was then 
suggested by Zienkiewicz that better agreement could be obtained 
if the condition for the same stagnation pressure aft of the nose 
shock on the local ogive of curvature as at the nose of the actual 
body be replaced by the condition of the same stagnation pressure 
ahead of the nose shocks since as noted above the original data 
examined did not allow onu to decide which of these conditions 
was likely to lead to more accurate results. 
The value of pN, the pressure at the nose of the 
equivalent ogive of curvature, is obtained from cone tables4 for 
the given values of.. , Mo  and a and the same free stream 
stagnation pressure as that ahead of the body. The stagnation 
pressure on the equivalent ogive of curvature is therefore taken 
to be the stagnation pressure on the surface of the cone of nose 
semi-angles X . For small values of 7•, however, the loss of 
stagnation pressure across the nose shock wave is very small, 
and as already remarked the stagnation pressure on the surface 
of the cone could then evilly well be taken as the same as the 
/freestream 
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f r e e s t r e m m  s t a g n a t i o n  p r e s s u r e .  L a r g e  v a l u e s  o f  
" Y „ ,  c a n  o c c u r  
n e a r  t h e  n o s e  o f  b o d i e s  o f  l a r g e  n o s e - a n g l e  b u t  e v e n  t h e n  t h e  
v a l u e  o f  X .  d r o p s  r a p i d l y  f u r t h e r  d o w n s t r e a m .  
A  p r o  f o r m a  s u i t a b l e  f o r  t h i s  m e t h o d  i s  g i v e n  i n  t h e  
A p p e n d i x .  I t  w i l l  b e  e v i d e n t  f r o m  w h a t  f o l l o w s  t h a t  t h i s  m e t h o d  
o f f e r s  t h e  b e s t  c o m b i n a t i o n  o f  s p e e d  a n d  a c c u r a c y  f o r  c o m p u t i n g  
t h e  s u r f a c e  p r e s s u r e  d i s t r i b u t i o n  f o r  a  w i d e  v a r i e t y  o f  h e a d  
s h a p e s  a n d  M a c h  n u m b e r s .  
§ 5 .  E x p e r i m e n t a l  a p p a r a t u s  a n d  M e t h o d  
T h e  t e s t s  w e r e  c o n d u c t e d  i n  t h e  2 j "  x  2 2 "  i n t e r m i t t e n t  
s u p e r s o n i c  w i n d  t u n n e l .  A  g e n e r a l  v i e w  o f  p a r t  o f  t h e  t u n n e l  
w i t h  t h e  w o r k i n g  s e c t i o n  o p e n  i s  s h o w n  i n  F i g .  1 .  T h e  w o r k i n g  
s e c t i o n  w i t h  a  m o d e l  f i t t e d  i n  p o s i t i o n  i s  s h o w n  i n  F i g .  2 .  
F i g .  3  
s h o w s  a  b l o c k  d i a g r a m  o f  t h e  t u n n e l  c i r c u i t .  I n  n o r m a l  
o p e r a t i o n ,  t h e  p u m p  d r a w s  a l r  f r o m  t h e  v a c u u m  c h a m b e r ,  a n d  e x h a u s t s  
i n t o  t h e  d r y  a i r  b a g .  W h e n  t h e  t u n n e l  i s  r u n n i n g ,  a i r  f l o w s  .  
f r o m  t h e  d r y  a i r  b a g  t h r o u g h  t h e  s i l i c a  g e l  b e d  a n d  w o r k i n g  s e c t i o n  
i n t o  t h e  v a c u u m  t a n k s .  T h e  n o r m a l  a v a i l a b l e  r u n n i n g  t i m e  w i t h  
o n e  v a c u u m  t a n k  i s  a b o u t  4 5  s e c s ,  a t  a  M a c h  n u m b e r  o f  2 . 4 5 .  T h e  
c h a n g e  i n  p r e s s u r e  i n  t h e  v a c u u m  t a n k  d u r i n g  t h e  r u n  i s  f r o m  a b o u t  
1 0 0  m m H g .  a b s o l u t e  t o  3 0 0  m m .  H g .  a b s o l u t e .  
T h e  o g i v a l  h e a d s ,  F i g .  4 ,  w e r e  s u p p o r t e d  a t  z e r o  
i n c i d e n c e  o n  a  s t i n g .  T h e  i n t e r i o r  o f  e a c h  m o d e l  w a s  d i v i d e d  
i n t o  t w o  c o m p a r t m e n t s ;  p r e s s u r e  t a p p i n g s  b e i n g  t a k e n  f r o m  e a c h  
t o  a  m a n o m e t e r  v i a  h y p o d e r m i c  t u b i n g  a n d  a  p n e u m a t i c  c l a m p .  F i g .  5  
s h o w s  d e t a i l s  o f  t h e  s t i n g  a n d  t h e  m e t h o d  o f  a t t a c h i n g  t h e  m o d e l s  
t o  t h e  h y p o d e r m i c  t u b i n g .  P r e s s u r e  h o l e s  ( 0 . 0 2 5 i n .  d i a m e t e r )  
w e r e  d r i l l e d  n o r m a l  t o  t h e  s u r f a c e  t o  c o n n e c t  t h e  i n n e r  c o m p a r t m e n t s  
w i t h  t h e  s u r f a c e .  E a c h  c o m p a r t m e n t  c o n t a i n e d  f i v e  o r  s i x  t a p p i n g s ,  
o f  w h i c h  a l l  b u t  o n e  w e r e  s e a l e d  i n  a n y  o n e  t e s t .  I n  o r d e r  t o  
c h e c k  t h e  a x i a l  p r e s s u r e  d i s t r i b u t i o n  a n d  t h e  s y m m e t r y  o f  t h e  f l o w  
i n  t h e  w o r k i n g  s e c t i o n ,  a  c o n i c a l  h e a d  o f  s i m i l a r  l e n g t h  a n d  f i n e n e s s  
r a t i o  t o  o g i v e  I I I  w a s  p l a c e d  i n  t h e  t u n n e l .  P r e l i m i n a r y  m e a s u r e -
m e n t s  d e m o n s t r a t e d  t h e  n e e d  f o r  t h e  p r e s s u r e  r e a d i n g s  t o  b e  o b t a i n e d  
w i t h  t h e  g r e a t e s t  p o s s i b l e  a c c u r a c y  a n d  t h e  n o r m a l  v e r t i c a l  m u l t i -
t u b e  m a n o m e t e r  w a s  f o u n d  u n s u i t a b l e .  A  m a n o m e t e r  w a s  t h e r e f o r e  
c o n s t r u c t e d  u s i n g  t h r e e  0 . 2 5 i n .  i n s i d e  d i a m e t e r  t u b e s  c l o s e  
t o g e t h e r .  T h e s e  w e r e  c o n n e c t e d  t o  t h e  t w o  p r e s s u r e  t a p p i n g s  o n  
t h e  b o d y ,  a n d  a  w o r k i n g  s e c t i o n  t a p p i n g  o n  t h e  f l a t  t o p  l i n e r  o f  
t h e  t u n n e l  ( p
o ) .  T h e  v a l u e s  o f  p - p
o  
 w e r e  t h e n  r e a d  o f f  
d i r e c t l y  o n  a  h e i g h t  g a u g e .  A n  a c c u r a c y  o f  a b o u t  0 . 0 0 3 i n s .  H g .  
c o u l d  b e  o b t a i n e d  b y  t h i s  m e t h o d .  T h e  d i f f e r e n c e  b e t w e e n  
/ a t m o s p h e r i c  
• •  •  
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atmospheric and stagnation_ pressure was measured on a Chattock 
gauge, atmospheric pressure being measured on a Fortin barometer. 
Nevertheless, a variation of about 10% in (b-po) was still 
observed at each tapping as the model was rotated through four 
angular positions. This variation showed no constant tendency 
for different tappings, and was therefore assumed to be due not 
to misalignment of the model in the stream, but rather to small 
imperfections in the flow, the body shape, or the pressure holes 
themselves. 
The same procedure was adopted for the pressure plotting 
of the °gives. It was found that the experimental scatter, on 
rotation of the body, was rather less than in the case of the 
cone. In the previous tests made at the N.F.L. (Ref. 7) the 
mean value of the pressure at each hole was obtained from the 
four readings at Oc„ 90°, 180°  and 2700  roll respectively. A 
correction to this mean pressure was then applied based on the 
non-uniformity of the surface pressure as measured on the cone 
at the same station in the tunnel, it being assumed that the 
non-uniformity was due to imperfections in the flow. In the 
results reported here of the College of Aeronautics measurements, 
no such corrections have been made. 
§6. Results  
P-Po 
cone. A theoretical curve of 	
 vs M
:o 
for this cone 
Pstag
o 
was obtained from Kepal's tables.4 	 The mean value of M
o 
was 
P-Po then read off corresponding to the mean value of ----- on the 
stag 
 
cone. This value agreed within 4% with that obtained from 
readings of the working section pressure divided by the free 
stream stagnation pressure. 
In the case of the cone, a variation of about + 7% in 
p-p0  was found along the body in the streamwise direction (see 
Figs. 6 and 7). Since the corresponding variation in Mach 
number was less than ± 3;i;, it was felt that to find a mean 
value of Mach number in the way described above was sufficiently 
accurate for the present p-rpose. 
The values of the pressure coefficients were obtained 
From the manometer and Chattock gauge readings, a 
P-Pc  
series o' values of 	 was obtained along and around the 
stag 
from 
- 9 -  
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)  






P   
2  
u
.  M  
	
f u g  
	
7  
o - n  o  	
0 . 7  N
C  
p
s t a g  
o   
w i t h  c  t a k e n  a s  e q u a l  t o  1 . 4 .  
F i g s .  6 - 1 8  s h o w  t h e  p r e s s u r e  d i s t r i b u t i o n s  o b t a i n e d  
e x p e r i m e n t a l l y  f o r  t h e  c o n e  a n d  t h e  o g i v e s ,  a n d  t h e  c o r r e s p o n d i n g  
c u r v e s  c a l c u l a t e d  b y  t h e  m o d i f i e d  o g i v e  o f  c u r v a t u r e  m e t h o d  a r e  
s h o w n  i n  F i g s .  8 - 1 8 .  
I n  t h e  c a s e  o f  O g i v e s  I ,  I I  a n d  I I I ,  a  c u r v e  g i v e n  b y  
t h e  l o g  p -  0  m e t h o d  i s  a l s o  s h o w n  ( F i g s .  8 - 1 3 ) .  T h e  c o m p a r i s o n  
o f  t h e  e x p e r i m e n t a l  r e s u l t s  a n d  t h e o r e t i c a l  c u r v e s  i s  s u m m a r i s e d  
i n  T a b l e  
I n  g e n e r a l ,  b o t h  m e t h o d s ,  w h e n  a p p l i c a b l e ,  g i v e  r e s u l t s  
w h i c h  c o i n c i d e  w i t n  e x p e r i m e n t  w i t h i n  t h e  l i m i t s  o f  t h e  o x p e r i -
m e n t a l  e r r o r .  T h e  l o g  p -  6  m e t h o d  i s  c o m p a r a b l e  i n  a c c u r a c y  
w i t h  t h e  o g i v e  o f  c u r v a t u r e  m e t h o d  i n  p r e d i c t i n g  t h e  p r e s s u r e  
d i s t r i b u t i o n  o v e r  t h e  f o r w a r d  p o r t i o n  o f  O g i v e s T  a n d  I I ,  b u t  i s  
l e s s  a c c u r a t e  o v e r  t h e  r e a r  o f  O g i v o  I I .  T h e  l a t t e r  b o d y  h a s  
t h e  l a r g e r  c h a n g e  i n  c u r v a t u r e .  T h i s  l o g  p -  0  m e t h o d  i s  
e v i d e n t l y  u n s u i t a b l e  f o r  O g i v e s  s u c h  a s  I I I ,  w h o s e  c h a n g e  i n  
c u r v a t u r e ,  e s p e c i a l l y  n e a r  t h e  n o s e ,  i s  l a r g e .  
T h e  m o d i f i e d  o g i v e  o f  c u r v a t u r e  m e t h o d  p r e d i c t s  t h e  
p r e s s u r e  d i s t r i b u t i o n  w i t h  a c c e p t a b l e  a c c u r a c y  f o r  O g i v e s  I I I ,  
I V  a n d  V ,  f o r  w h i c h  t h e  c h a n g e s  i n  c u r v a t u r e  a r e  l a r g e .  H o w e v e r ,  
t h e  m e t h o d  t e n d s  t o  u n d e r - e s t i m a t e  t h e  v a l u e s  o f  C  n e a r  t h e  
n o s e  a t  M  .  2 . 4 5  a n d  t o  o v e r - e s t i m a t e  t h e m  a t  1 4  =  3 . 1 9  f o r  O g i v e  
V  ( n o s e  a n g l e  3 0
0
) .  W h e t h e r  t h i s  i s  d u e  t o  e r r o r s  i n  t h e  
e x p e r i m e n t a l  r e s u l t s  o r  a n  i n d i c a t i o n  o f  t h e  e r r o r s  i n  t h e  m e t h o d  
w h e n  a p p l i e d  t o  b o d i e s  h a v i n g  l a r g e r  n o s e  a n g l e s  t h a n  3 0
0   m u s t  
b e  l e f t  f o r  f u t u r e  i n v e s t i g a t i o n .  T h e  t h e o r y  d o e s  n o t  p r e d i c t  
t h e  s m a l l  r e c o m p r e s s i o n  a t  t h e  r e a r  o f  t h e  b o d i e s  s h o w n  b y  t h e  
e x p e r i m e n t a l  p o i n t s .  I t  i s  p r o b a b l e  t h a t  t h i s  m a y  b e  d u e  
-' , ; o  
b o u n 3 n r y  l a y e r  e f f e c t s  o n  t h e  b o d y  a n d  p o s s i b l y  t o  e f f e c t s  d u e  
t o  t h e  t u n n e l  b o u n t l a r y  l a y e r .  
§ 7 ,  C o n c l u s i o n s  
T h e  e x p e r i m e n t a l l y  o b t a i n e d  p r e s s u r e  d i s t r i b u t i o n s  o n  
f i v e  h e a d  s h a p e s  w i t h  n o s e  a n g l e s  u p  t o  3 0
°
,  a t  M a c h  n u m b e r s  o f  
2 . 4 5  a n d  3 . 1 9 ,  a r e  g i v e n .  T h e y  a r e  c o m p a r e d  w i t h  t h e  r a p i d  
a p p r o x i m a t e  m e t h o d s  o f  c a l c u l a t i o n  d u e  t o  B o l t o n - S h a w  a n d  
Z i e n k i e w i c z .  
I t  i s  s h o w n  t h a t  t h e  m o d i f i e d  o g i v e  o f  c u r v a t u r e  m e t h o d  
c a n  b e  
-10- 
can be successfully used for the rapid prediction of pressure 
distributions on arbitrary convex head shapes, with nose angles 
up to at least 30o and for Mach numbers up to 3.2, to an 
accuracy better than + 4% of the nose value. 
The log p-0 method provides a rapid method suitable 
for ogives whose nose angles are less than 15°, but it is less 
accurate than the modified ogive of curvature method over the 
rear portion of the ogives tested. 
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- 1
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d x  




( 1  +  y i )  
2 3 / 2  
A f t e r  f i n d i n g  
p / p s t a g  
a t  t h e  n o s e  o f  t h e  e q u i v a l e n t  
o g i v e  o f  c u r v a t u r e ,  t h e  d e c r e a s e  i n  
P r  
- / - s t a g  f r o m  t h i s  v a l u e  t o  
i t s  v a l u e  a t  t h e  p o i n t  c o n c e r n e d  i s  d e t e r m i n e d  a s  a  f r a c t i o n ,  
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F o r  n o s e  a n g l e s  b e l o w  a b o u t  1 0 ° ,  
p s t a g  
i s  a l m o s t  •  
e q u a l .  t o  p
s t a ,
5  
 ,  a n d  s o  f o r  s i m p l i c i t y ,  s t e p s  ( 6 )  a n d  ( 7 )  
0   
b e l o w  m i g h t  b e  o m i t t e d ,  g i v i n g  ( 8 )  =  	 H o w e v e r ,  t o  k e e p  
t h e  p r o c e d u r e  c o n s i s t e n t ,  i t  i s  n e c e s s a r y  t o  w o r k  i n  t e r m s  o f  
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s t a g  
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P s t a g '  
r e t a i n e d  i n  t h e  p r e s e n t  a r g u m e n t .  
-12- 
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G e o m e t r y  o f  T h e  B o d i e s   
O g i v e  
N o s e  S e m i -  
a n g l e  
F i n e n e s s  
R a t i o  
E q u a t i o n  o f  P r o f i l e  
I  
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I I I  
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V  
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o  
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 ( 1  +  	
0 3
)  .  
x  	 - " \  
y  	 =  	
. 0 6 5 5 x  +  . 0 2 7 8 2  l o g 1 0  ( 1  - 1 -  
. 0 2 3 6 ) *  
T k B L E  I I   
S u m m a r y  o f  C o m p a r i s o n  o f  E x p e r i m e n t a l  R e s u l t s  w i t h  r e s u l t s  g i v e n  b y  t h e   
m o d i f i e d  o g i v e  o f  c u r v a t u r e  m e t h o d  a n d  t h e  l o g  p -  m e t h o d .   
O g i v e  
M  =  1 . 8  
M  =  2 . 4 5  
I  
G o o d  a g r e e m e n t  w i t h  b o t h  m e t h o d s  
u p  t o  	
x  =  0 . 7 .  
O .  o f  C .  	
m e t h o d  m o r e  a c c u r a t e  a t  
r e a r
,  
b u t  o v e r e s t i m a t e s  C  
 
g e n e r a l l y .  	
P  
G o o d  a g r e e m e n t  w i t h  b o t h  m e t h o d s  u p  
t o  x  .  0 . 7 .  	 L o g  p -  	 m e t h o d  c o n s i d -  
e r a b l y  u n d e r e s t i m a t e s  C  	 a t  r e a r ,  
w h i l s t  O .  o f  C .  m e t h o d  E l v e s  
b e t t e r  a g r e e m e n t  
I I  
B o t h  m e t h o d s  u n d e r e s t i m a t e  	 C  	 s l i g h t l y  u p  t o  	 x  =  0 . 6 .  	 A f t e r  t h i s ,  
$  
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b u t  O .  o f  C .  m e t h o d  
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INTERMITTENT SUPERSONIC WIND TUNNEL 
WORKING SECTION OF THE INTERMITTENT WIND TUNNEL. 
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